The universe is made up of plasmas and fluids. The plasma phenomena exhibits itself through electromagnetic processes and the fluid through configurational processes. I shall try to illustrate both these aspects by taking examples from the observable universe.
Introduction
Plasmas are so prevalent throughout the cosmos that it is the "Plasma Universe", a term first coined by the Nobel Laureate Hannes Alfven, that we are trying to observe and understand. You may find it disconcerting that our awareness of the three common states is barely adequate to comprehend about one percent of the universe, the other 99 percent being in the plasma state.
Since most of the universe is in the plasma state, I guess knowing plasmas would help us to understand some of the workings of the universe. Of course, it is the thermonuclear fusion that is the preoccupation of most of the laboratory plasma physicists. Plasma physics has also drawn the attention of the people seeking the ultimate accelerators. But man does need bread to live and that takes him into the realm of technological applications of plasma from communication to dyeing to deposition of ions on materials.
Filamentary structures of all sizes and shapes are observed on all scales in the universe. Be it stellar and planetary atmospheres, supernovae ejecta, planetary nebulae, galactic environment or extragalactic realms. The macroscopic stability of these structures is studied using single and the two-fluid description of a plasma. This description relates the size, the pressure, the fields and the flows in a plasma structure.
One learns about these structures through the characteristics of radiation that propagates through or generated in them. For example, quasiperiodic time variations in the radiation flux may indicate an oscillatory state of the emitting region. Similarly, one can learn about the medium through which the radiation propagates. For example, the observed delay in the arrival time of pulses of different frequencies from a pulsar, is attributed to the dispersion properties of the interstellar medium. This time delay can be related to the electron density, the magnetic field and the size of the intervening interstellar medium. The nonthermal radio emission from the Sun reveals the density, temperature, magnetic field and geometrical nature of the solar corona. It is through the absorption and scattering of electromagnetic radiation in the emission line regions of a quasar that we hope to learn about the invisible central object, suspected to be a black hole.
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Plasmas as sources of coherent radiation
A source of radiation is coherent if its size is smaller than the wavelength of the radiation it emits, for then one can neglect the differences in the retarded times of the various parts of the source. It is in the realm of coherent sources of electromagnetic radiation that plasmas exhibit their versatility, the most. Plasmas are good at fast and large releases of energy. This is possible as it can store free energy in several forms, either as gradients in configuration and/or gradients in velocity space. Thus, large departures from equilibrium are allowed to grow which, then are permitted relaxation in an explosive manner. Solar flares are one such phenomenon where a complex configuration of magnetic and velocity fields becomes unstable and the relaxation occurs through a release of kinetic and electromagnetic energy. Most of the strong radio sources involve nonthermal (non-Maxwellian) distributions of energetic particles which relax by a combination of single particle and plasma processes, the latter being always more efficient and faster, if and when they happen. Often, the radiation observed from astrophysical sources has several components in it. There may be a steady emission over which is superimposed a fast varying or a quasi-periodic component, or the contribution of thermal to nonthermal may vary in different parts of a single source; or the emission may appear as absorption at some parts of the spectral region. All these situations involve a host of waveparticle and wave-wave interaction processes which can enhance or eliminate certain spectral regions. Therefore, the generation and propagation characteristics of radiation are the diagnostics of the physical conditions in the distant objects.
Nonlinear plasma processes
A plasma, by nature is hyperactive. More often than not, it responds violently to external stimuli in an attempt to attain equilibrium. When subjected to strong radiation fields, it exhibits a variety of nonlinear processes which modify its parameters as well as those of the radiation. When the size of the plasma region disturbed by an electromagnetic wave is much larger than the mean free path of an electron, an electron can gain enough energy before suffering collisions with other ions and neutrals. Further the large mass difference between electrons and other particles hinder the transfer of energy from electrons to the heavy particles. Thus the electric field of the electromagnetic wave heats the electrons preferentially, as a result of which the dielectric constant, E, and the conductivity, c, of the plasma become functions of the electromagnetic field and a nonlinear relation between the electric field, E, and the current density, J = o(E)E, is set up. In the opposite case, when the size of the disturbed plasma region is much smaller than the mean free path of an electron, the inhomogeneous electric field of the electromagnetic wave exerts a pressure on the electrons, creating compressions and rarefactions. Then, the dielectric constant begins to depend on the electromagnetic field and the plasma again becomes a nonlinear medium. Summarizing a collisional plasma becomes nonlinear mainly through the dependence of electron temperature on the electromagnetic field and a collisionless plasma becomes nonlinear mainly through the dependence of electron density on the electromagnetic field.
In such a nonlinear medium an electromagnetic wave undergoes anomalous absorption, anomalous scattering, modulation and polarization changes through the excitation of parametric instabilities. Here, the driving energy is contained in a finite amplitude wave, electrostatic or electromagnetic that impinges on a plasma. It then couples with other waves in the plasma and drives them unstable. These unstable waves may eventually undergo dissipation and heat or accelerate plasma particles. This class of instabilities also plays an important role in the generation of high frequency radiation from the low frequency radiation, e.g. through a process called Stimulated Raman Scattering where low frequency radiation by scattering on the electron plasma wave of a high energy electron beam is converted into a high frequency radiation, a process akin to inverse Compton scattering but with the important difference that a single electron in the Compton scattering is substituted by an electron plasma wave in the Raman scattering. Both these processes have been applied to explain the properties of quasar nonthermal radiation.
In the reflection region an incident electromagnetic wave (k, , w,) can decay into an electron plasma wave (k, , q) and an ion-acoustic wave (ki, mi) leading to the anomalous absorption instead of reflection. On the other hand in the underdense region (ao > ape), the incident radio wave can decay into an electron plasma wave ( k , , wl) and an electromagnetic wave (k, , w,) leading essentially to backscattering.
Thus, the underdense region becomes a reflecting medium instead of a transparent medium. At a special site in an underdense region, known as the quarter critical region, where w, = 2wpe, the incident wave can undergo anomalous absorption by decaying into two electron plasma waves or scattering by decaying into an electron plasma wave and an electromagnetic wave. The growth rates and the thresholds then determine the dominance or otherwise of the two processes. Parametric instabilities have been widely studied in the Earth's ionospheric plasmas as well as in the solar corona.
Fast plasma processes in quasars
We have attempted to understand the generation of the quasar continuum radiation and its interaction with the surrounding plasma, particularly emphasizing the role of plasma processes, which being coherent in nature, enhance the scattering and absorption rates, sometimes by several orders of magnitude, over the ones obtained from single particle processes.
The continuum emission of a quasar is in the form of a power law, F , a v -~, consisting of several components: in the low frequency (v < 1 GHz) radio region, U x 0.1; in the X-ray region tl < 0.7. The entire spectrum when fitted with an average value of U = 1 shows bends in the radio, bumps in the blue and distinct variations in the hard X-ray and y-ray regions. The continuum originates very near the black hole and then interacts with the surrounding plasma, which, as a result, exhibits phases of diverse temperatures and densities.
The earlier proposals of the continuum emission include synchrotron process for the radio radiation, which is upshifted to optical and X-rays by the inverse Compton scattering.
There are three ways by which the scattering of radiation in a plasma can occur: (i) the Stimulated Raman Scattering (SRS), where a strong electromagnetic wave is scattered off a weakly damped electron plasma wave ( k -4 k,), (ii) the stimulated Compton scattering (SCS), where a strong electromagnetic wave is scattered of a highly damped electronplasma wave (k > k,) and (iii) the Compton scattering (CS), where the electromagnetic radiation is scattered by single electrons (Fig. 1) . Here, k , is the Debye wave vector and k is the wave vector of the electron plasma wave. While estimating the up conversion of radio radiation the elders included the contribution only of the process (iii) (CS).
We have investigated the role of stimulated scattering processes in the generation of quasar continuum. In addition to accounting for the general features of a typical quasar continuum, we have been able to reproduce almost the entire spectrum of the quasar 3C 273 (Fig. 2) by suitably combining SRS and SCS. In particular, we have suggested that the bump in the blue region may be due to a change of process from SRS to SCS. In the process of reproducing the observed spectrum we are able to derive the spatial variations of the plasma parameters in the emission region. One has to check if these variations are compatible with the geometry and stability of the accretion flows [l-51.
If the electron energy is converted into radiation via the extremely fast processes of SRS and SCS, then it must also be replenished at a comparable rate for the sustained emission from quasars. We have suggested that electrons can gain energy through an equally fast process of Raman Forward Scattering in which the electron-plasma waves produced by the beating of the cyclotron lines provide the necessary electric fields. Several issues related to the eficiency of these processes in the rather inhomogeneous and variable environment of a quasar, need to be investigated in-depth [4] .
Anomalous absorption of the quasar radiation
The electron densities of the thermal plasma in the environs of a quasar are such that the corresponding electron plasma frequencies lie in the range of radio frequencies. This opens up several avenues by which the radio radiation can be absorbed in the thermal plasma by processes more efficient than the collisional. Again, through the processes of the parametric decay instability and the stimulated Raman and Compton scattering followed by the damping of the electron plasma and the ion acoustic waves, the plasma can be heated to much higher temperatures in much shorter times. The plasma temperature is one of the most important factors in the emission of continuum and line radiation and is also responsible for the inhomogeneous distribution of the gas c3, 5961.
These absorption processes also modify the spectral distribution of the emitted radio radiation. The bends in the radio continuum of a quasar could therefore be in part account for by the plasma absorption processes [7] .
The 21cm radio radiation is always associated with the spin-flip transition of neutral hydrogen atoms. Therefore the absorption feature at 21 cm from a quasar is attributed to the neutral hydrogen clouds which can exist only far beyond the reach of the ionizing continuum of a quasar.
We have shown that the radio continuum around the 21 cm will be anomalously absorbed via the plasma proPhysica Scripta T52 cesses in the ionized regons lying much closer to the central object. If so, only the part of the 21cm radiation that tunnels in between the ionized filaments, will be available for absorption in neutral hydrogen clouds. This would put constraints upon the positions, sizes and densities of neutral hydrogen regions [SI.
We have also investigated the potential of plasma processes in explaining the apparent superluminal motion of compact radio sources as well as the extremely rapid changes in the polarization properties of the radiation [5,
The modulational instability of a large amplitude electromagnetic wave propagating in an electron-positron plasma is investigated by Gangadhara, Krishan and Shukla [lo] . It is shown that the observed time variability in the radiation from active galactic nuclei and pulsars may be explained through the excitation of the modulational instability.
In astrophysical situations, ionization of hydrogen is believed to be due to the stellar ultra-violet radiation, cosmic rays and X-rays. Recently laboratory experiments have shown the possibility of ionizing hydrogen by microwave radiation. It is a stochastic excitation process and is associated with the destruction of the invariant tori of a chaotic system. We have explored the role of this process in the ionization and the production of extremely highly excited states of hydrogen, since recombination lines corresponding to very high values of the principal quantum number have been observed [l 11.
91.

More on frequency upconversion and variability
It is known that high frequency short duration electromagnetic pulses can be generated by reflection of low frequency radiation off relativistically moving ionization fronts [ 12, and references therein]. In addition, a part of the incident electromagnetic energy is converted into a spatially periodic static magnetic field. This phenomenon has been investigated (this conference proceedings) in the emission line region (ELR) and accretion disks of active galactic nuclei, where relativistically moving ionization fronts are created by the ionizing continuum. It is suggested that this process may play an essential role in: (1) causing rapid correlated variability in radio radiation and high frequency parts of the non-thermal spectrum; (2) generating high frequency radiation through scattering of relativistic electrons of the spatially periodic magnetic field, a by-product of the reflection process; (3) the diagnostics of the emission line region; and (4) absorption of the radio radiation. The anomalous absorption of radio radiation in ELR through parametric decay instabilities has been pointed out earlier. Interaction of the radio radiation with ionization fronts further strengthens the case for the existence of strong correlation between the nonthermal radio continuum and the ELR phenomena as the multiwavelength observations of AGN are beginning to do.
Nonthermal emission from dust
An electron moving with the superluminal velocity in a dielectric medium gives rise to the spontaneous Cerenkov radiation. If, instead of a single electron, a high density superluminal electron beam is made to pass through the dielectric, the spontaneously generated radiation can undergo exponential amplification and is known as stimulated Cerenkov-Compton radiation. If, in addition, an incident electromagnetic field interacts with a strong superluminal or subluminal electron beam, a frequency upconverted stimulated scattered radiation is produced, which by analogy to a similar process in vacuum with subluminal electron beams is known as Cerenkov-Raman radiation. We explore and point out the role of these processes in the dust environs of AGN. Since, the refractive index of the dust matter is a key factor in these processes, their inclusion links the properties of the dust grains with the characteristics of the non-thermal continuum especially in the infrared and ultraviolet range, which, the observations show to be particularly bumpy and could be additonal contributions over the thermal. Dust, in the universe, is best kown for its reddening and polarization properties. It absorbs ultraviolet radiation, becomes hot and reradiates the thermal spectrum corresponding to its temperature. The highest temperature, it can attain before sputtering is -2000K, which gives, from the Wien's displacement law, the maximum wavelength I., x 1.5pm. Evidence for the presence of dust in AGN comes from the strong thermal infrared, the 3.3 pm emission, the 10 pm silicate absorption and polarization of the continuum and the lines. The composition of the dust in AGN is suspected to be different from that of the circumstellar and the interstellar dust. This is inferred from the near absence or weakness of the 2200 A absorption feature, though this is also true for stars seen in the Magellanic clouds. A dust-togas ratio of -10 percent of the galactic interstellar medium has been inferred from a comparison of resonance and nonresonance lines. A disk-like or a toroidal distribution with 10-20 times the dimensions of the flattened broad line emitting region has been necessitated for explaining the asymmetric line profiles and reddening. The dust particle sizes have been deduced to be much smaller than the sizes of the interstellar grains.
Stimulated Cerenkov emission
The intensity of radiation of frequency o produced per unit path length (z) per uniqut frequency interval by a single electron of velocity pci travelling in a medium of dielectric constant &(U) is given by [13] The spontaneous Cerenkov radiation, being proportional to the number of electrons, is a weak process. It can be strengthened if the prebunched electron beam of bunch size smaller than the wavelength of the radiation is sent through the medium. The stimulated processes achieve bunching of electrons through the excitation of electron plasma waves.
In a dielectric, a low frequency (mi) radiation can be upconverted to a high frequency (a,) radiation through a process known as the Cerenkov-Raman in analogy with the stimulated Raman scattering in a vacuum or a plasma [14] . The change in the frequency of radiation due to its scattering off fast electrons in the presence of a dielectric of refractive index, n(o), can be determined from kinematic relations of energy and momentum conservation and is given as [ 151
--for Po n(oJ c 1.
Here, Oi and 8, are the incident and scattering angles as shown in Fig. 3 It can be shown that the phase matching conditions for the three-wave process are identical to the kinematic relations. The growth rate for this process can be calculated by using the standard techniques of the parametric instabilities. We stress that the inclusion of stimulted processes in plasmas and dust could alleviate many of the spectral and time variability problems of AGN, in addition to providing correlated nonthermal radiation over a broad spectrum.
Large scale structure of the universe
The formation of the observed hierarchy of large scale structures [16] in the universe remains a challenging problem in cosmology. The distribution of galaxies does not appear as a random sprinkling. Galaxies are seen held together in clusters and superclusters of a few Mpc size as well as in sheets and arcs of sizes as large as = 100 Mpc.
The gravity of the visible matter by itself appears to be too weak to form such large structures from the initial density perturbations in time scales comparable with the Hubble age. The conventional understanding of the clustering of galaxies rests on the wishful existence of several types of dark matter [17] . The nature of the invisible matter is only one of the many issues that these theories have to settle. The one-way turbulence theory by which large structures decay into small ones, was forsaken sometime ago due to the rather large hydrodynamic time scales and the -"bottom-up", i.e. small structures were formed first, dictates of the observations. The "bottom-up" is precisely what can be achieved by an inverse cascade of energy. We have proposed that the supercluster and the giant clusters like the Great Wall form from the elementary structures like galaxies or small clusters of galaxies [lS] . Velocities and sizes of the large scale structures derived from the inverse cascade process are consistent with the observations. In fact, the energy spectrum shown in Fig. 4 is applicable to solar granulation [19] as well as to the large scale structure of the universe with the appropriate scaling. The energetics indicates that turbulent velocities of x 300 km sec-' at the galactic scale (xfew kpc) are suficient to form structures of a few Mpc with peculiar velocities of a few thousand km sec-', in a time-scale of x 3 x lo9 years. Further, the [ln (L)] branch of the energy spectrum lies exactly at a scale (i.e. between clusters and superclusters) where a paucity of structures was seen observationally. We have successfully modelled the flat rotation curves of many galaxies combining the effects of rigid rotation, gravity and inverse cascades in a turbulent medium [20] . Of course, the final verdict about the success of inverse cascade can only be given after enough information on peculiar motion of these objects becomes available. We have also considered the large scale structure of the universe by the Navier-Stokes way [21] .
The modification, that may arise due to the universe being in a state of expansion, is being worked out.
Based on these preliminary results, we have put-forward the following suggestions: (i) The universe has distinct regions of rotational and potential flow. The phenomenon of clustering takes place in the rotational flow regon through the inverse cascade of energy.
(ii) In the irrotational or the potential flow dominated regions, the organized structures cannot form. The fluid elements are in a random state of small scale motions, which may appear as a continuum and this is what we may be interpreting as voids. Thus, contrary to the popular belief, voids are not empty. In fact they may contain motions which are more compressible than the ones associated with the clustering phenomenon.
(iii) The seemingly disparate phenomenon of (a) nonequilibrium motions on stellar surfaces, (b) the generation of large scale magnetic field; and (c) the large scale structure of the universe have their origin in the inverse cascade of energy leading to self-organization in an otherwise turbulent medium.
I have indicated some of the exciting and essential roles that the plasma processes play in astrophysics. We have made a small beginning and a lot more remains to be done for as Nietzsche says "It is not sufficient to prove a case, we must also tempt or raise men to it; Hence the wise man must learn to convey his widsom; and often in such a manner that it may sound like foolishness."
